SUMMARY In 1973 we reported results of ventricular shunting in 28 patients with idiopathic normal pressure hydrocephalus. The present report consists of a three year follow-up of the latter (series 1), and an additional 45 patients (series 2) are presented for further insight into the conclusions drawn from the original experiences. Shenkin et al. (1973) reported on 28 patients with normal pressure hydrocephalus of unknown origin who had been treated by ventricular shunting, and concluded that the most predictable improvement occurred in patients who had markedly dilated ventricles, and whose outstanding symptom was disturbance of gait. However, other categories of patients with only dementia and moderately enlarged ventricles often showed remarkable, even if less predictable, improvement.
The progress of these same patients three years later is now reported with data on an additional, generally similar, group of 45 patients subsequently operated on, to provide further insight into the conclusions drawn from our original experience.
Patients and methods
Series 1 consists of the 28 patients previously reported by Shenkin et al. (1973) and now followed for an additional three years. The previous report was made on an average follow-up period of 9.7 months (ranging from five to 30 months). Series 2 consists of 45 patients subsequently operated upon and followed now for an average of 16.7 months (range three-29 months). The syndrome varies from mental changes alone to gait disturbance alone, with most patients in the two series having both features in varying proportions. As in the previous publication, the patients were placed in four categories (Table 1) : dementia alone (category 1-D), principally dementia with some gait disturbance (category 2-D +a), gait disturbance with some dementia (category 3-A +d), and gait disturbance only (category 4-A). All patients were shown by objective criteria to have ventricular dilatation. The span across both lateral ventricles at the junction of the frontal horn and body was measured on a frontal radiographic projection. brow-up position (Taveras and Wood, 1964 The severity of dementia alone was assessed in each patient of both series and classified as either mild, moderate, or severe. This was then used to compare series 2 with series 1 in regard to this parameter alone. The effect of the initial severity of the dementia on the results of shunting was also determined.
Results
At the time of our initial evaluation, averaging 9.7 months after operation, 12 patients in series 1 had excellent results (Grade 2), six showed moderate improvement (Grade 1), six were failures, and there were four postoperative deaths (Table 2 ). Thus 64.3 % of the patients initially responded to treatment. A further three year follow-up revealed that six of the successfully treated patients had deteriorated. This leaves a success rate of 42.8 % at almost three years after shunting.
We reviewed the six patients from series 1 who were considered to have been successfully treated initially but were found to be failures at follow-up. All six of these patients at the time of the initial report were considered Grade 1, or moderately improved. There were thiee males and three females. The age range was between 62 and 78 years with a mean of 68.5 years. Preoperative duration of symptoms in this group ranged from six to 120 months with a mean of 43 months. Five of the six patients were in either categories 1 or 2 (primarily demented), and only one patient was in category 3. The patient in category 3 had a severe dementia as well as severe ataxia. Two Table 2 also outlines the results in each series cor-related with the presenting clinical picture. It is still evident that patients with gait disorder as the primary symptom do better than those with primarily dementia, but the results in series 2 overall are less favourable than originally reported in the first series. This will be discussed below.
Incontinence was overcome in nine of 22 patients (40.8 %) in both series.
Considering dementia alone, series 2 patients as a group were more severely demented than those in series 1. It was considered that 68.8 % of patients in series 2 were severely demented as compared with only 10.7 % of such patients in series 1. One-third of patients in series 1 were mildly demented whereas no patients were so classified in series 2. This is of great significance in comparing results in our two series since it was also noted that, overall, 38 % of mildly demented patients improve after shunting as compared with 33.3 % of the moderately, and only 24.2 % of the severely demented.
The duration of symptoms in relation to outcome is given in Table 3 , and refutes our previous observation (Shenkin et al., 1973) that patients with shorter duration of symptoms do worse. The improvement rate in the shorter duration group was almost the same as in the longer duration group. Of the 33 improved cases (Grades 1 and 2), in both series, 19 improved within one month, 10 improved in one to three months, and only four patients improved after three months. The severity of symptoms did not affect the rapidity of onset of improvement. Twenty-five percent (three out of twelve) of patients with mild ventricular enlargement, 31 % (12 out of 39) with moderate enlargement, and 57% (12 out of 21) with severe enlargement were treated successfully.
Ten patients in the entire series had significantly elevated CSF protein (greater than 0.6 g/l-highest 1.0 g/l), and six of these patients improved.
Brown and Goldensohn (1973) report that 54.5 % of 11 patients with normal pressure hydrocephalus had normal electroencephalograms (EEG). Our experience in the 67 patients who had EEG was quite different; only six of 67 (8.9%) were normal. A variety of non-specific abnormalities (focal, diffuse, and bilateral) were seen. Interestingly, even six of 18 patients with no background alpha rhythm improved. Wood et al. (1974) confirmed the high incidence of abnormal EEG, and indeed Messert and Wannamaker (1974) state that a normal EEG indicates a poor response to shunting. In six of our patients with a normal EEG, three were treated successfully.
Ten patients had preoperative CT scans. Six were successfully treated, and all six demonstrated severe ventricular enlargement. Two patients with moderate cerebral atrophy on the CT scan, and one with mild atrophy as reflected in prominence of cortical sulci, responded to shunts.
COMPLICATIONS
Five patients (6.9 %) died within one month of surgery, or as a direct result of surgery. Four were in series 1. One patient died one day after operation, of a myocardial infarction. One patient developed pneu-338 group.bmj.com on May 4, 2017 -Published by http://jnnp.bmj.com/ Downloaded from monia and died four days postoperatively. Two patients died one month after operation, one of a perforated duodenal ulcer, and one of a pulmonary embolus and uraemia. One patient in series 2 had an immediate postoperative hemiplegia with stupor, and died three months later. Udvarhelyi et al. (1975) reported a 9 % surgical mortality.
Two patients in series 1 developed typical intracranial hypotensive headaches, In one, the low pressure valve was replaced by a valve of medium pressure with remission of headaches, and in the other, the valve had to be removed before headaches remitted. There were two infected shunts (two and three months postoperatively), and two disconnected or blocked shunts (five months and four years postoperatively). In series 2 there were 10 shunt related complications. In seven subjects the ventricular end blocked; most occurred before 10 weeks. In one case the peritoneal end disconnected in two weeks. There were two infected shunts (one and 14 months postoperatively). There were two subdural haematomas (one bilateral diagnosed at 11 weeks-and one with small bilateral haematomas diagnosed at seven weeks) for a total incidence of 2.7 %. One patient in series 2 had shunt related headaches which cleared spontaneously. One patient had a postoperative hemiparesis which remained unimproved. One patient had postoperative seizures controlled with anticonvulsants, and one patient had a pulmonary embolus and recovered. There was only one surgical death in series 2. The two series combined produced a morbidity rate of 32.8 % (24 of 73 patients), and a total complication rate of 39.7 % (29 of 73 patients).
ASSOCIATED DISEASES
In series 1, one of four patients with Parkinson's disease improved as compared to one of six in series 2. None of the six epileptics in the combined series improved. Three of four alcoholics in series 1 and one of three in series 2 improved. All alcoholics were first treated for six weeks with alcohol abstinence, diet, and vitamins with no clinical change before surgery. Before normal pressure hydrocephalus became recognised, all of these patients would have been institutionalised. Seven of 16 patients in group 1 with pyramidal tract signs improved while one of 10 in series 2 improved.
Discussion
Experience with 45 further patients operated upon for a presumed idiopathic type of normal pressure hydrocephalus confirms our original conclusion that patients with either predominantly gait disturbance or markedly dilated ventricles respond best to ventricular shunting. Indeed. if these two factors occur in combination, a favourable result is almost predictable (83.3 %). Furthermore, extended follow-up of our original series of 28 patients indicates that. if these criteria are present, the favourable result is more likely to persist. Only one (10 %) ofthe predominantly ataxic group (categories 3 and 4) deteriorated after an initial favourable result, while of the predominantly demented group (categories 1 and 2) who initially improved, five (62.5 %) deteriorated. Moreover, none of these six patients of series 1 whose improvement was not maintained beyond a year had more than moderately dilated ventricles, all of which were made smaller by shunting (Shenkin et al., 1975) . None of these patients were better than grade 1 as far as improvement was concerned. This seems to indicate that patients whose improvement is not maintained have degenerative brain disease with dementia (Alzheimer's?), aggravated by a degree of hydrocephalus that could be the result of changes in brain elasticity or obstruction, the relief of which gave only temporary improvement, and thereafter degenerative brain disease progressed relentlessly. Coblentz et al. (1973) have also suggested that a degree of hydrocephalus may complicate a degenerative brain disease.
It has seemed reasonable to all observers that shunting operates by ventricular decompression and, therefore, the objective of all testing has been to distinguish in these generally elderly patients between those whose symptoms are due to a process interfering with cerebral spinal fluid circulation (a hydraulic effect), and those whose problem is cerebral degeneration. Reasoning from our results and along these lines, it might be said that gait disturbance, which responds well to shunting, is produced by a hydraulic effect, and that dementia is the result of brain degeneration since these patients react less well to shunting. That some primarily demented patients do improve (and the ones with the largest ventricles do best) could indicate that brain degeneration has an associated hydraulic effect in some instances. Therefore, it would still be valid to attempt to discern, in these patients preoperatively, when this hydraulic change is present.
We analysed our results to see if we could correlate the largest ventricles with ataxia and excellent results which would demonstrate a hydraulic process, and smaller ventricles with dementia and failure of shunting, identifying a degenerative disease. How (Coblentz et al., 1973) . At this time only the clinical picture together with the degree of ventricular dilatation present can be of any predictive value as to the results of shunting. There is no way of being certain of the result in any specific case. Several added points of interest have emerged from the study of this larger series of patients. In the first place, there is no correlation between the results obtained and the duration of symptoms before surgery (Table 3 ). Originally we reported that the shorter the history, the worse the results. The opposite was stated by others with a smaller experience (Jacobs et al., 1976) . From our larger experience, no such correlation emerged. Another point of interest is that the age of the patient was not of consequence; patients over 70 years of age did as well as younger patients.
Comparing our results with others (Table 4 ) reveals a higher success rate in some studies. It may be that longer follow-up in these studies would demonstrate deterioration in some patients. 
